Roundtable
Words as battle cries-symbiogenesis and the new field of endocytobiology ... and there is the additional consideration, that each of the elements whose fusion goes to make up the impregnated ovum, is held by some to be itself composed of a fused mass of germs.
- Samuel Butler 1898 ur minds are incarcerated by our words. The biological term symbiosis has been Since the last century, scientists have recognized that symbiosis has the power to generate great biological novelty and discontinuity. I argue that symbiosis is far more innovative in the generation of biological novelty than is the accumulation of chance mutations, although the latter is more commonly credited as the basis of evolutionary change.
Students and teachers most often encounter the word symbiosis in its textbook definition. Authors of science texts typically describe symbiosis as follows: * An internal partnership between two organisms in which the mutual advantages normally outweigh the disadvantages (Collocott 1972) .
* An association that must always benefit at least one of the species, because otherwise it would soon dissolve (Minkoff 1983 ).
Even in current biological secondary literature, symbiosis is often taken to mean a "mutualistic biotrophic association" (Schiff and Lyman 1982) or a "mutually beneficial . . . relationship" (Avers 1989 (Margulis 1981 , Portier 1918 though Portier was supported king of Monaco, he too was ag sively attacked. The French scie community, led by microbiologist August Lumiere (1919), helped demolish Western enthusiasm for the role of symbiosis in evolution (Mehos in press).
Mutual-aid biology
Human social concerns have inextricably permeated discussions regarding the participants in symbiosis.
These concerns have contributed to the misconstruing of the term. Belgian biologist-politician P. J. Van Beneden (1873) first used the term mutual aid in describing "repayment" for services among "lower animals." Wholesale extrapolation from "the society of men" to "the community of animals" became especially evident in Peter Kropotkin's Mutual Aid (1902) .
A Russian prince exiled to London, Kropotkin sought answers to questions of human relations in nature:
Mutual aid is met with even amidst the lowest animals, and we must be prepared to learn some day, from the students of microscopical pond-life, facts of unconscious mutual support, even from the life of micro-organisms. (Kropotkin 1902, p. 10) Kropotkin's analyses of animals, "savages," "barbarians," medieval city-dwellers, and modern society all extend his theories that ... mutual aid is as much a law of animal life as mutual struggle, but that, as a factor of evolution, it most probably has a far greater importance, inasmuch as it favours the development of such habits and characters as insure the maintenance and further development of the species, together with the greatest amount of welfare and enjoyment of life for the individual, with the least waste of energy. (Kropotkin 1902, p. 6) To Kropotkin and many subsequent scholars, the idea of symbiosis and mutual aid-cooperative forces in evolution-was to be contrasted with the idea of competition-a negative force leading to the struggle for existence. Kropotkin's work accentuated both the confounding of mutual aid with symbiosis and the imposition of human social analysis on descriptions of organismal interaction.
Most Western scientists have regarded symbiosis and mutualism as political slogans, therefore choosing not to focus experiments on these biological phenomena. For most of this century, then, symbiosis research was divorced from cellular, molecular, and evolutionary biology.
Evolutionists and most other biologists-both experimental and theoretical-still consider symbiosis analyses to be remote to evolutionary analyses (Keller and Lloyd in press).
Symbiosis is ignored, or only defined, in the major textbooks of evolution (e.g., Avers 1989 , Ayala and Valentine 1979 , Ehrlich and Holm 1963 , Futuyma 1986 , Kimura 1983 , Minkoff 1983 Raikov, a Soviet cytologist, has stressed polyenergy (the increase in number of homologous genomes in a nucleus) as a mechanism of evolution in ciliates and other protoctists (Raikov 1982) .
Karyotypic fissioning refers to the phenomenon, in mammals, in which an extra centromeric synthesis in a fertile member of the population leads to a doubling of the number of chromosomes, because each single metacentric is converted to two telocentrics. Because no total change in the amount of DNA per karyotype occurs, fissioning tends to be benign with respect to viability and fertility.
In spite of a great deal of evidence in its favor, the importance of karyotypic fissioning in mammalian evolution has been almost exclusively argued by Neil Todd, publisher of the Carnivore Genetics Newsletter and adjunct professor at Boston University (Margulis 1981 , Todd 1970 .
The acquisition of additional genomes as a mechanism of evolution of prokaryotes has been widely dis- is, of course, described in most English-language textbooks on evolu- weevils that lose bacteria (Nardon and Grenier in press) , and the amebas that survive bacterial infection (Jeon 1990) . The amebas incorporate former food bacteria, which form new intracellular organelles. As a result, more complex new species of freeliving amebas emerge (Sagan and Margulis 1987) .
Future symbiosis research
Before the founding in 1983 of the International Society for Endocytobiology (ISE) by the two German scientists, Werner Schwemmler (an insectbacteria symbiogeneticist) and H. E. A. Schenck (who studies the chemistry of Cyanophora and other algae), the fields of intracellular symbiosis and evolutionary studies had separate histories. Virtually all of recent Western evolutionary biology had emerged as "neo-darwinism" from population genetics.
Endocytobiology is defined by the ISE as the study of "intracellular space as oligogenetic ecosystem." The ISE regards all intracellular symbionts as objects of its study (Schenck and Schwemmler 1983, Schwemmler and Schenck 1980) . This newly defined field is rooted in descriptions of bacterial symbionts and their correlation with studies of eukaryotic cell organelles (Lee and Fredrik 1987) . The history of the field is recorded in the original scientific literature collected by Dyer and Obar (1985) .
The ISE, by publishing three international colloquia (two held in Germany and one in New York; Lee and Fredrick 1987 , Schenk and Schwemmler 1983 , Schwemmler and Schenck 1980 (Fleck 1979 ).
The history of endocytobiology has been described in Mosaic (Fisher 1989 ), a magazine published by the We cannot fathom the marvelous complexity of an organic being; but on the hypothesis here advanced this complexity is much increased. Each living creature must be looked at as a microcosm-a little universe, formed of a host of self-propagating organisms, inconceivably minute and as numerous as the stars in heaven" (Darwin 1868, p. 453) .
